Introduction
Cermet-based coatings are being popular to reduce erosion-corrosion rate in oil and gas industries. In this industry, the environment which contains corrosive media combining with solid particle such as found in offshore piping, production systems and machinery is where this coatings is applicable [1] . The tungsten carbide (WC) based cemented carbides itself is widely used for dies, tools, and wear resistant parts in multiple applications [2, 3] . Among other carbides, WC has been popular due to its good wettability & solubility in binder metals as well as high strength, high toughness and plasticity [4] .
Electrodeposition is one of the most used techniques for obtaining composite coatings, mixture of metallic and non-metallic materials. The metal is function as a matrix which hold the non-metallic dispersed together as well as developing good adhesion to the metal surface of the substrate [5] . Several researchers have been working on searching optimal parameter i.e. current density, bath temperature and Saccharin content in order to obtain suitable particle size and gain good properties of electrodeposited coating [6-9]. Vaezi et al. have found that in Ni-SiC coating, increasing the carbide content and decreasing the current density will increase the wear and corrosion resistance compares to nickel coating [10] . Another researcher also found that the Ni-WC Abstract: Cermets (ceramic-metal) materials have been popular for wear and corrosion application due to their ability to withstand both conditions. In current work, cermets tungsten carbide-nickel (WC-Ni) composite coating has been deposited using direct current (DC) electrodeposition in Watt's bath on mild steel. The current density were varied at 0.08 Acm -2 , 0.14 Acm -2 and 0.20 Acm -2 while others parameter i.e. bath temperature and stirring rate were remain constant. Three carbide concentrations were used that are 15 g/l, 20 g/l and 25g/l. This work is focusing on determining the effect of current density and carbide concentration to the wear and corrosion behaviour of WC-Ni cermet coating. The surface morphology, microstructure and elemental composition were analysed using scanning electron microscope (SEM) with energy dispersive spectroscopy (EDS). The wear and corrosion behaviour were evaluated using weight loss methods and three electrode electrochemical tests respectively. The abrasive wear was done against 800 grit silicon carbide paper. While for corrosion test, two types of electrolytes that were used are 0.5 M sulphuric acid and 3g/l sodium chloride at room temperature. The micro-hardness of the coating was analysed using Vickers micro-hardness tester with 100g load. It is found that, the wear resistance increases with increasing of carbide content and current density. The corrosion resistance was also increase with increasing of carbide content. For current density, it is slightly decrease of corrosion resistance after deposition at 0.20 Acm -2 due to uneven distribution of carbide. The hardness of the cermet coatings were increase with increasing of carbide content and current density. It can be concluded that with 25g/l carbide and at 0.14 Acm -2 current density shows the optimum combination to achieve high wear and corrosion resistance. coating has higher friction [5] and corrosion resistance compares to nickel coating alone [5, 11] . Controlling the electrodeposition parameter such as current density, stirring rate and TiO2 particle concentration has been found to influence the TiO2 content in the coating, which results in higher wear and corrosion resistance [12] . The TiO2 itself has showing high corrosion resistance behaviour after treatment [13] .
Thus, it is important of controlling the electrodeposition parameter in order to produce coating with high mechanical properties, as well as high wear and corrosion resistance. It has been shows in another study that controlling the synthesis parameters will result in better performance [14] [15] [16] [17] . In this study, the current density and WC concentration was varied to evaluate its relation to the coating wear and corrosion behaviour.
Materials and Methods
Ni-WC coating were electrodeposited with different current density (0.08 A/cm 2 , 0.14 A/cm 2 and 0.20 A/cm 2 ) and different WC concentration which are 15 g/l, 20g/l and 25g/l has been used in this study. Table 1 shows the electrolyte composition. The stirring rate and deposition time were fixed at 160 rpm and 40 minutes respectively. Fig. 1 shows the schematic diagram of the experiment. The coating were characterised using Scanning Electron Microscope (SEM) JEOL JSM-6380LA, Japan. The hardness of the samples was evaluated using Vickers microhardness tester HMV-2 Shimadzu, Japan with 100g load. Table 2 show the samples with different current density and WC concentration. 
Abrasive wear test
The wear test was done using mass loss methods. Modified grinder machine was used with 5 N loads at three different distances which are 50 m, 100 m and 150 m. The 800 grit sand paper was used as abrasive materials.The balance is use to measure the mass before and after the selected distance, to calculate the mass loss. The mass loss at each distance is plot in a graph. The wear rate is calculated as the gradient of mass loss against distance graph.
Corrosion test
The corrosion test was carried out according to the ASTM standars G5:1994 and G6:1986 or BS EN ISO 17475:2008 using Autolab potentiostats. A three electrode cell arrangement was used with silver/silver chloride (Ag/AgCl) as the reference electrode, carbon as counter electrode and sample as the working electrode. The electrolyte used is 0.5 M sulphuric acids. During the test, the Tafel curve is plotted. The IVman software was used to analyse the results and determine the corrosion rate.
Results and Discussion

SEM surface morphology of elecrodeposited coatings
Surface morphology of all coatings has been studied by SEM. Fig. 2 shows the surface morphology of coating with different current density and WC concentration as label in the figure. The appearance of WC is apparently seen in coating with higher WC concentration with higher current density. Due to small size of the carbide, it is difficult to distinguish the interface between Ni matrix and WC particle as similarly seen by Benea et al. [5] . The higher WC concentration shows more homogeneity in WC distribution compares to lower WC concentration, possibly due to higher content of carbide on surface.
Fig. 2 Surface morphology of electrodeposited coatings with different current density and WC concentration 3.2 Chemical composition
The elemental compositions of the coatings were characterised using energy dispersive X-ray spectroscopy (EDS) attach to the SEM. Fig. 3 shows example of the EDS results. The W and Ni are detected in the coating. It is also found that the W content increases with increasing of WC concentration.
Micro-hardness analysis
The hardness data is shown in Fig. 4 . It is clearly seen that the hardness increase with increasing of carbide concentration and current density. With similar carbide concentration at 25 g/l, the hardness increase three times by increasing the current density from 0.08 A/cm 2 to 0.20 A/cm 2 . With slightly lower carbide concentration (15g/l and 20 g/l), the hardness increases two times for both carbide concentrations. This is consistence with previous work [18] that increasing the carbide content increases the coating hardness. Fig. 5 shows the wear rate following wear at 50, 100 and 150 m distance. It is shows that for every current density, the wear rate decreases with increasing of carbide content which is consistence with previous finding which showing that increasing the carbide content will decreases the wear rate [19] . With similar WC content, as the current density reach 0.14 A/cm 2 , the wear rate decrease, then increase again at 0.20 A/cm 2 . Fig. 6 shows the coating with 25 g/l WC for all current density before and after wear test. After wear test the cracks and debris is visible on the coating surface which is also seen by previous researcher [20] . The grooving of the sliding track is clearly seen on the carbide surface indicating the abrasive wear. . For current density, the corrosion rate decrease from 0.08 A/cm 2 to 0.14 A/cm 2 , then slightly increase with current density 0.20 A/cm 2 .
Abrasive wear behaviour
Fig. 7
Wear rate of samples following corrosion in 0.5 M H2SO4
Conclusion
The WC-Ni coating has been successfully electrodeposited and evaluated. The carbide distribution is high in homogeneity in higher carbide content coating. Thus, this results in higher wear and corrosion resistance of the coating showing by the decreasing of wear and corrosion rate with increasing of WC concentration. The hardness of the coatings is increases with the increasing of carbide content and current density. For wear and corrosion behaviour, the changes of current density do not show any significant correlation. This shows that the carbide content has shows higher contribution on the wear and corrosion behaviour compares to the changes of current density. 
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